Hypertension is one of the major risk factors for cardiovascular disease, a leading cause of mortality worldwide[@b1][@b2][@b3]. The kidney is important in the management of hypertension and damage to this organ can start a vicious circle of hypertension and kidney damage[@b2][@b3]. Furthermore, there may be a close connection between kidney dysfunction and cardiovascular disease[@b4][@b5][@b6][@b7].

Recent studies have established microalbminuria, which is association with arterial hypertension, metabolic syndrome, and diabetes mellitus with a prevalence rate of 6.6--36.1%[@b8][@b9][@b10][@b11][@b12], as an important cardiovascular risk factor[@b4][@b5][@b6][@b7]. Left ventricular hypertrophy and increased carotid artery intima-media thickness, both subclinical cardiovascular diseases, are associated with microalbuminuria in individuals at increased risk of cardiovascular disease[@b13][@b14][@b15]. Moreover, urinary albumin excretion, even at levels below the clinically defined thresholds for microalbminuria, is associated with an increased incidence of cardiovascular and all-cause mortality[@b7][@b13]. Although most of these indicative studies involved high-risk patients, recent studies also demonstrated the importance of urinary excretion of albumin as a cardiovascular risk in the general population[@b4][@b16].

The data reported thus far clearly underpin the importance of measuring urinary albumin in patients with hypertension, and interventions that reduce urinary albumin may reduce the increased cardiovascular risk in patients with albuminuria, although this latter point remains unproven[@b17][@b18]. More importantly, patients with hypertension may benefit from prevention of the onset or progression of albuminuria and to this end, further characterization of albuminuria in hypertensive patients or of possible factors affecting urinary excretion of albumin could provide useful information. Thus, the present study sought to investigate the prevalence and characteristics of albuminuria in patients with hypertension, and to identify factors closely related to the urinary excretion of albumin.

Results
=======

[Figure 1](#f1){ref-type="fig"} shows the distribution of the ratio of urinary albumin to urinary creatinine (UACR; mg/g creatinine \[mg/g Cr\]) in patients with hypertension. Urinary albumin was detected in 88.3% of hypertensive patients and 35.4% of patients showed abnormal albuminuria (≥30 mg/g Cr). [Table 1](#t1){ref-type="table"} shows the descriptive data stratified by the presence of abnormal albuminuria. Among subjects studied, 22.0% had diabetes mellitus (15.4% of these were under medication), 44.6% had dyslipidemia (33.4% under medication), and 36.6% had an estimated glomerular filtration rate (eGFR) \< 60 ml/min per 1.73 m^2^. The age distribution of participants was as follows: 20--29 years, 0.3%; 30--39 years, 2.0%; 40--49 years, 2.3%; 50--59 years, 13.4%; 60--69 years, 24.9%; 70--79 years, 37.7%; 80--years, 19.4%. Patients with abnormal albuminuria were older, had higher systolic blood pressure, serum uric acid, fasting plasma glucose, HbA1c, electrocardiogram (ECG) voltage, B-type natriuretic peptide (BNP), and C-reactive protein (CRP), and lower eGFR as compared to those without abnormal albuminuria. As expected from the results in [Table 1](#t1){ref-type="table"}, the presence of abnormal albuminuria was positively correlated with age, systolic blood pressure, fasting plasma glucose, HbA1c, ECG voltage, BNP, and CRP, and inversely correlated with eGFR by univariate analysis ([Table 2](#t2){ref-type="table"}). However, only systolic blood pressure, BNP, and CRP independently correlated with abnormal albuminuria in a multivariate logistic regression model where variables with *P* \< 0.25 in the univariate analysis were included as independent variables ([Table 2](#t2){ref-type="table"}). Similar results were obtained using a model where eGFR was adopted instead of serum creatinine as an index of kidney function, without the inclusion of age and gender (data not shown). In a model where ECG voltage was adopted instead of BNP as an independent variable, ECG voltage independently correlated with abnormal albuminuria (odds ratio, 1.54 \[95% CI, 1.13--2.10\]; *P* \< 0.01). Furthermore, abnormal albuminuria was independently correlated with mean blood pressure or pulse pressure, but not diastolic blood pressure, after adjustment for possible variables (data not shown). In an analysis of a subgroup of patients without diabetes, systolic blood pressure (1.01 \[1.00--1.03\], *P* \< 0.05) and BNP (1.12 \[1.02--1.23\], *P* = 0.02) independently correlated with abnormal albuminuria.

In the next series of analyses, urinary excretion of albumin was taken as a continuous variable and the characteristics of urinary albumin were investigated. [Table 3](#t3){ref-type="table"} shows the results of univariate and multivariate regression analysis demonstrating relationships between urinary excretion of albumin and other variables. Univariate analysis revealed that age, systolic blood pressure, serum creatinine, uric acid, fasting plasma glucose, HbA1c, ECG voltage, BNP, and CRP positively correlated with UACR, while eGFR showed an inverse correlation. Then, stepwise method (forward-backward selection) was applied in order to select variables included in a multivariate regression model. Among variables listed in the univariate column in [Table 3](#t3){ref-type="table"}, systolic blood pressure (standardized coefficient 0.237, *P* \< 0.001), serum creatinine (0.105, *P* = 0.04), BNP (0.237, *P* \< 0.001), and CRP (0.166, *P* = 0.001) remained as factors showing significant association with urinary albumin and, thus, were adopted as independent variables in the multivariate regression analysis. Multivariate regression analysis indicated that systolic blood pressure, serum creatinine, BNP, and CRP were the independent predictor of urinary excretion of albumin ([Table 3](#t3){ref-type="table"}). Similar results were obtained in a regression model where eGFR was adopted instead of creatinine as an index of kidney function and age and gender were not included. ECG voltage was also an independent predictor of urinary albumin (0.202, *P* \< 0.001) in a model where ECG voltage instead of BNP was adopted as an independent variable. BNP and CRP were increased across the quartiles of urinary excretion of albumin (trend, *P* \< 0.0001; [Figure 2](#f2){ref-type="fig"}). In an analysis of a subgroup of patients without diabetes, systolic blood pressure (0.255, *P* \< 0.001), serum creatinine (0.140, *P* = 0.01), and BNP (0.310, *P* \< 0.001) were independent predictors of urinary albumin.

Discussion
==========

Urinary albumin was detected in 88.3% of our hypertensive patients and 35.4% showed abnormal albuminuria (≥30 mg/g Cr). The reported prevalence of microalbuminuria in hypertensive patients based on several studies is 6.6% to 36.1%[@b8][@b10][@b11][@b12]. The present results were similar to these published studies, although there seems to be a somewhat higher prevalence of microalbuminuria in Japanese hypertensive patients[@b9]. Such a difference may be attributed to different age and/or severity and duration of hypertension between our patient cohort and those studied previously. Indeed, urinary albumin has been correlated with several factors including age and systolic blood pressure[@b9]. Furthermore, the higher prevalence of microalbuminuria in Japanese hypertensive patients as compared to Caucasian hypertensive patients suggests ethnic differences in the pathophysiological process involved in microalbuminuria caused by hypertension. Importantly, the prevalence of microalbuminuria is higher in subjects with hypertension than in the general population; around 5% in the general population[@b10][@b19][@b20], while higher prevalence is also reported (13.7%)[@b21]. Although the difference in the prevalence of microalbuminuria between the present hypertensive patients and general population in the previous reports mostly depends on the difference in blood pressure, patients with hypertension may be at high risk of albuminuria even under appropriate medication.

Only systolic blood pressure, BNP, and CRP were identified as independent predictors of urinary excretion of albumin. Although this was a cross-sectional study and causal relationship between urinary albumin and these factors cannot be elucidated, the results suggest several possibilities. Elevated blood pressure is considered to cause kidney dysfunction, but blood pressure may differentially affect GFR and urinary albumin excretion. Increased systemic blood pressure may cause an increased intraglomerular pressure and, thereby, increase urinary excretion of albumin, whereas deterioration of GFR may reflect some other alterations related to hypertension as well as increased intraglomerular pressure. The concept that the urinary excretion of albumin increases with increasing blood pressure supports the close and independent correlation between urinary albumin and BNP. BNP is secreted from ventricular myocytes in response to increased ventricular filling pressure or volume[@b22][@b23]; thus, an increase in blood pressure could stimulate the secretion of BNP through an increase in cardiac load. Indeed, circulating BNP levels are elevated in patients with hypertension as compared to normotensive subjects[@b24][@b25]. Moreover, since left ventricular load is determined not only by cardiac output and peripheral vascular resistance, but also by the stiffness of conduit arteries and the timing and magnitude of pressure wave reflections, BNP levels, at least in part, reflect the stiffness of conduit arteries. An increase in aortic stiffness, which might be somewhat parallel to the progression of nephrosclerosis, results in pressure-related microvascular damage in the kidney[@b26] and thus could in turn increase the urinary excretion of albumin. Otherwise, an increase in BNP may only reflect left ventricular hypertrophy and a significant correlation between BNP and albuminuria may indicate similar progressive damage to hypertensive organs, in the heart (left ventricular hypertrophy) and kidney (albuminuria). Indeed, there was a significant correlation between ECG voltage and urinary albumin. Significant association between BNP levels and urinary albumin has been previously reported in patients with diabetes[@b27][@b28]. The present study proved this association in non-diabetic hypertensive patients.

Recent studies suggest that albuminuria could be a phenotype of systemic arterial endothelial damage caused by hypertension or diabetes[@b29][@b30][@b31], with dysfunction of the endothelium of the glomerular capillary resulting in altered glomerular filtration. Since endothelial dysfunction is triggered by the inflammatory activation of endothelial cells, the close association of CRP, a marker of systemic inflammation, with urinary albumin is convincing. However, CRP was not independently associated with urinary excretion of albumin in a rural Chinese population, although univariate analysis of the same group identified a correlation between CRP and microalbuminuria[@b32]. It is possible that the presence of hypertension could clarify the relationship between CRP and urinary albumin. It is well known that inhibitors of the renin-angiotensin system reduce albuminuria and inflammatory biomarkers such as CRP and IL-6, but we did not observe a significant relationship between the use of renin-angiotensin system inhibitors and UACR in this study. In general, inhibitors of the renin-angiotensin system are preferably used in patients with albuminuria, which might have masked urinary albumin-reducing effects of the inhibitors in this cross-sectional analysis. Alternatively, most patients took two or more classes of antihypertensive drugs including renin-angiotensin system inhibitors, which could have masked the beneficial effects of renin-angiotensin system inhibitors.

The present results have some clinical implications. Several clinical trials demonstrated that antihypertensive drugs targeting the renin-angiotensin system reduce urinary excretion of albumin[@b33][@b34]. The present results support the concept that reduction in blood pressure itself has beneficial effects on urinary albumin regardless of antihypertensive drugs used. Furthermore, interventions that prevent hypertensive patients from the progression to atherosclerosis could be useful for reducing urinary albumin. Atherosclerosis is considered to be a chronic inflammation of the arterial wall initiated by inflammatory activation of the endothelium[@b35]. Thus, treatment with anti-atherosclerotic or endothelium-protective medications might reduce urinary albumin. Indeed, atorvastatin reduces urinary excretion of albumin in patients with chronic kidney disease[@b36]. However, these hypotheses derived from the present study remain unproved until large-scale interventional studies are carried out to clarify the issue. Furthermore, it is not clear whether reduction in urinary albumin brings about beneficial long-term cardiovascular outcomes.

Interpretation of the present results is limited by the cross-sectional nature of our study design. The findings that only support an association between UACR and systolic blood pressure, BNP, and CRP do not yield any conclusions about causation. Indeed, blood pressure was not an independent risk factor of microalbuminuria in the Framingham Offspring Cohort, although age, male sex, diabetes, current smoking, high-normal UACR, and low HDL cholesterol were significant predictors of microalbuminuria. Only well-designed, powerful, and longitudinal studies could attempt to answer the crucial questions of whether an increase in systolic blood pressure, BNP, or CRP promotes urinary excretion of albumin, or vice versa.

In conclusion, the present study demonstrated that the prevalence of abnormal albuminuria was 35.4% and urinary albumin excretion was positively correlated with systolic blood pressure, BNP, and CRP levels in hypertensive patients. These results suggested that not only elevated blood pressure, but also low-grade inflammation and increased stiffness of conduit arterial wall could underlie the urinary excretion of albumin in hypertensive patients.

Methods
=======

Patients and study design
-------------------------

Patients were eligible for inclusion in the study if (1) they had essential hypertension, (2) they were ≥20 years of age, and (3) their antihypertensive medication had not been changed for at least 3 months before enrolment. Blood pressure was measured by a doctor using a validated oscillometric technique (HEM-7070; Omron, Kyoto, Japan) after patients had been seated for 2 min with their back supported and their arms supported at heart level. Proper cuff size was determined based on arm circumference. Three consecutive blood pressure measurements were taken at 2-min intervals and the mean of the second and third measurements was recorded as the blood pressure. All patients were previously diagnosed with hypertension based on clinical blood pressure measured on at least two different occasions. Secondary hypertension was excluded based on medical history and appropriate physical, biochemical, and radiological examinations. Exclusion criteria for the study were secondary hypertension; a history of myocardial infarction, coronary revascularization, heart failure, or stroke; cardiovascular disease; valvular heart disease; atrial fibrillation and severe arrhythmia; overt infection (as assessed by CRP ≥ 1.0 mg/dl) or active inflammatory disease; and malignant disease.

A total of 350 outpatients with essential hypertension under antihypertensive medications in our hypertensive clinic were enrolled in the present study from January, 2007 to December, 2010. Their medical records were retrospectively analyzed and relationships between urinary excretion of albumin and other factors were evaluated. The study was performed in accordance with the principles of the Declaration of Helsinki and was approved by the Ethics Committee of Nagoya City University Graduate School of Medical Sciences. All patients provided written informed consent prior to participating in the study.

Biochemical measurement
-----------------------

Plasma BNP levels were measured by radioimmunoassay (Shionoria BNP kit, Shionogi, Osaka, Japan) and CRP levels were determined by latex-enhanced immunonephelometric assay on a BN II analyzer (Dade Behring, Marburg, Germany). The detection limit of the CRP assay was 0.03 mg/dl and CRP values \< 0.03 mg/dl were recorded as 0.015 mg/dl. A single-void morning urine sample was collected and urinary albumin was measured by a turbidimetric immunoassay (Autokit Micro Albumin, Wako, Osaka, Japan). The sensitivity limit for albumin was 5 mg/l. The urinary concentration of albumin was taken as 2.5 mg/l in patients with urinary albumin below the sensitivity limit. Urinary excretion of albumin was expressed as the ratio of urinary albumin to urinary creatinine (UACR). Abnormal albuminuria was defined as UACR ≥ 30 mg/g Cr. eGFR was calculated according to the Modification of Diet in Renal Disease equation[@b37] with coefficients modified for Japanese patients[@b38].

Statistical analysis
--------------------

All analyses were performed using SPSS 17.0 (Chicago, USA). Data in the text and the tables are expressed as mean ± standard deviation except for CRP, BNP, and UACR, which are expressed as the median value with 25 and 75 percentiles. Differences between two groups with a normal distribution were analyzed by unpaired Student\'s *t* tests. The UACR, BNP, and CRP were log-transformed before statistical analysis. Yates\' corrected chi-square test was used for comparisons between categorical data. Quartiles of the UACR were calculated to investigate the relationship of urinary excretion of albumin with BNP and CRP, and trends across the quartiles were analyzed using ANOVA. Univariate and multivariate logistic regression analyses were performed to examine predictors of abnormal albuminuria. Variables that showed a tendency of association with abnormal albuminuria (*P* \< 0. 25) in univariate analysis were inserted into a multivariate logistic regression model in order to investigate independent predictors of abnormal albuminuria. Univariate and multivariate linear regression analyses were performed in order to investigate the relationships between urinary excretion of albumin and other variables. Stepwise regression analysis was performed in order to select variables adopted in the multivariate model. *P* \< 0.05 was considered statistically significant.
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###### Characteristics of patients with and without abnormal albuminuria

                                     All subjects      UACR (mg/g creatinine)                      
  ------------------------------- ------------------- ------------------------ ------------------- ---------
  Age (years)                         70.0 ± 11.4           68.8 ± 11.5            72.0 ± 11.1       0.01
  Gender (male)                       47.3% (164)           50.7% (114)            42.6% (52)        0.16
  BMI (kg/m^2^)                       24.2 ± 3.9             24.3 ± 3.6            24.0 ± 4.3        0.45
  SBP (mmHg)                         138.0 ± 20.5           136.3 ± 19.0          141.0 ± 22.5       0.04
  DBP (mmHg)                          78.8 ± 12.3           78.5 ± 11.9            79.4 ± 13.0       0.50
  Heart rate (bpm)                    74.7 ± 12.4           74.2 ± 12.2            75.7 ± 12.7       0.27
  Hemoglobin (g/dl)                   13.3 ± 1.5             13.4 ± 1.4            13.12 ± 1.6       0.18
  Serum creatinine (mg/dl)            0.82 ± 0.24           0.80 ± 0.22            0.85 ± 0.28       0.05
  Uric acid (mg/dl)                    5.8 ± 1.5             5.7 ± 1.5              6.0 ± 1.5       \<0.05
  FPG (mg/dl)                         117 ± 29.0             115 ± 26.0            125 ± 36.9       \<0.01
  Triglyceride (mg/dl)                 152 ± 87               151 ± 86              153 ± 89         0.82
  HDL cholesterol (mg/dl)             56.8 ± 15.4           56.7 ± 14.6            56.8 ± 16.8       0.97
  LDL cholesterol (mg/dl)             109 ± 30.4             115 ± 34.4            118 ± 30.9        0.41
  HbA1c (%)                            5.6 ± 0.6             5.5 ± 0.7              5.7 ± 0.9        0.04
  eGFR (ml/min/1.73 m^2^)             65.3 ± 17.2           67.2 ± 16.2            62.3 ± 18.5       0.04
  ECG voltage (mV)                    2.86 ± 0.92           2.74 ± 0.80            3.11 ± 1.09      \<0.01
  BNP (ng/l)                       22.4 (11.0, 50.0)      18.2 (9.6, 38.8)      26.5 (15.4, 68.3)   \<0.001
  CRP (mg/dl)                      0.07 (0.02, 0.15)     0.07 (0.02, 0.14)      0.09 (0.05, 0.19)    0.03
  *Antihypertensive medication*                                                                    
  RA inhibitors                       68.9% (241)           66.8% (151)            72.6% (90)        0.16
  CCBs                                73.7% (258)           73.9% (167)            73.4% (91)        0.51
  Diuretics                           39.7% (139)            35.8% (81)            46.8% (58)        0.03
  β-blockers                          15.1% (53)             14.2% (32)            16.9% (21)        0.29
  α-blockers                           1.7% (6)               1.8% (4)              1.6% (2)         0.64

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; CCB, calcium channel blocker; CRP, C-reactive protein; DBP, diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RA, renin-angiotensin; SBP, systolic blood pressure.

Values are mean ± s.d., except for BNP and CRP \[median (25 and 75 percentiles)\].

###### Univariate and multivariate logistic regression analysis demonstrating the relationship of abnormal albuminuria with other variables

                                 Univariate       Multivariate                      
  -------------------------- ------------------- -------------- ------------------- ------
  Age (years)                 1.03 (1.01--1.05)      \<0.01      1.02 (0.99--1.05)   0.34
  Gender (male)               1.37 (0.88--2.13)       0.16       1.27 (0.65--2.50)   0.49
  BMI (kg/m^2^)               0.97 (0.90--1.05)       0.48              --            --
  SBP (mmHg)                  1.01 (1.00--1.02)      \<0.05      1.01 (1.00--1.03)   0.04
  DBP (mmHg)                  1.01 (0.99--1.02)       0.50              --            --
  Heart rate (bpm)            1.01 (0.99--1.03)       0.26              --            --
  Hemoglobin (g/dl)           0.89 (0.75--1.05)       0.17       1.02 (0.82--1.28)   0.84
  Serum creatinine (mg/dl)    2.39 (0.98--5.82)       0.05       2.10 (0.49--8.97)   0.31
  Uric acid (mg/dl)           1.16 (1.00--1.35)       0.05       1.09 (0.87--1.36)   0.47
  FPG (mg/dl)                 1.01 (1.00--1.02)      \<0.01             --            --
  Triglyceride (mg/dl)        1.00 (0.99--1.00)       0.82              --            --
  HDL cholesterol (mg/dl)     1.00 (0.99--1.02)       0.97              --            --
  LDL cholesterol (mg/dl)     1.00 (1.00--1.01)       0.42              --            --
  HbA1c (%)                   1.39 (1.03--1.88)       0.03       1.18 (0.81--1.72)   0.39
  eGFR (ml/min/1.73 m^2^)     0.98 (0.97--1.00)       0.03              --            --
  ECG voltage (mV)            1.54 (1.19--1.98)      \<0.01                            
  BNP (ng/l)                  1.77 (1.20--2.59)      \<0.01      1.10 (1.01--1.20)   0.03
  CRP (mg/dl)                 3.64 (1.15--11.5)       0.03       4.31 (1.10--16.8)   0.03

Variables showing a tendency of association with abnormal albuminuria (*P* \< 0.25) in the univariate analysis were included in the multivariate model (eGFR and ECG voltage were excluded from the model due to possible multicollinearity).

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; CRP, C-reactive protein; DBP, diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.

###### Univariate and multivariate regression analyses demonstrating factors showing correlation with urinary albumin excretion

                              Univariate   Multivariate          
  -------------------------- ------------ -------------- ------- ----------
  Age (years)                   0.161        \<0.001       --        --
  Gender (male)                 0.049          0.36        --        --
  BMI (kg/m^2^)                 0.133          0.13        --        --
  SBP (mmHg)                    0.172        \<0.001      0.235    0.002
  DBP (mmHg)                    0.058          0.28        --        --
  Heart rate (bpm)              0.081          0.13        --        --
  Hemoglobin (g/dl)             −0.081         0.16        --        --
  Serum creatinine (mg/dl)      0.157         \<0.01      0.103     0.04
  Uric acid (mg/dl)             0.177        \<0.001       --        --
  FPG (mg/dl)                   0.228        \<0.001       --        --
  HDL cholesterol (mg/dl)       −0.023         0.67        --        --
  LDL cholesterol (mg/dl)       0.031          0.56        --        --
  HbA1c (%)                     0.208        \<0.001       --        --
  eGFR (ml/min/1.73 m^2^)       −0.224       \<0.001       --        --
  ECG voltage (mV)              0.204        \<0.001       --        --
  BNP (ng/l)                    0.331        \<0.001      0.321   \<0.0001
  CRP (mg/dl)                   0.182         0.001       0.156     0.04
  Use of RA inhibitors          −0.038         0.47        --        --

Independent variables in the multivariate model were chosen using a stepwise regression analysis where all variables listed in the univariate analysis except eGFR and ECG voltage were included.

Abbreviations: BMI, body mass index; BNP, B-type natriuretic peptide; CRP, C-reactive protein; DBP, diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RA, renin-angiotensin system; SBP, systolic blood pressure.
